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STUDIES OF TRANS-N-GLYCOSIDASE OF THERMOBACTER ACIDOPHILUS
AND ITS INHIBITION BY 6-AZATHYMIDINE
INTRODUCTION
The presence of trans -N-glycosidase, an enzyme capable of transferring
deoxyribose from one purine or pyrimidine to another, was first demonstrated
by MacNutt (1) in crude extracts of several species of lactobacilli . The en
zyme provided a possible explanation for the ability of these organisms to
grow on a basal medium supplemented by any one of several deoxynucleosides.
One of the lactobacilli, Thermobacter acidophilus (R26) has been used ex
tensively for the assay of deoxynucleosides and deoxynucleotides because, in
contrast to similar organisms, vitamin B^ is unable to replace the deoxy-
nucleoside requirement and any B]_2 present as a contaminant of the medium
will not augment growth in the absence of a suitable deoxynucleoside (2).
The antimetabolite 6-azathymine was originally designed specifically to
inhibit DNA synthesis by interference with utilization of thymine, a pyrimi
dine found only in DNA. It serves as a competitive antagonist of thymine
utilization by Streptococcus faecalis, Lactobacillus casei, and Lactobacillus
leichmanii (3). Of great interest is the fact that azathymine also acts as
a growth inhibitor of these organisms when they are grown on vitamin B^ and
pteroylglutamic acid instead of thymine or its derivatives (3). Such anti
metabolite activity exerted upon organisms which synthesize the corresponding
metabolites endogenously is uncommon and offers a possible application to mam
malian tumor chemotherapy, since thymine derivatives are also formed endogen
ously by most mammals (U). Thymine itself is probably not formed by mammalian
2species, but its deoxyriboside, thymidine, is formed from deoxyuridine and can
be used for DNA biosynthesis (5). The deoxyriboside of azathymine, 6-azathy-
midine, was found by Prusoff (6) to be formed by S. faecalis from azathymine
and a deoxyribose donor such as thymidine, perhaps by an enzyme similar to
trans-N-glycosidase described by MacNutt. Prusoff and Welch (7) found that
azathymidine was 1,300 to 2,000 times as effective as azathymine in inhibiting
the growth of T. acidophilus grown on a deoxyriboside-supplemented medium.
The purpose of this investigation was to purify the enzyme trans-N-
glycosidase from T. acidophilus and to study its specificity, optimum pH, and
the effect of various other compounds, particularly azathymine and azathymi
dine, upon its activity.
MATERIALS
The following materials were obtained from commercial sources: thymine,
uracil, cytosine, 6-mercaptopurine, 8-azaadenine, 8-azaguanine, xanthine,
2,6-diaminopurine, 8-azaxanthine, guanine, and colchicine (nutritional Bio-
chemicals Corp.), thymidine, calcium thymidylate, cytidine, and deoxycytidine
(California Corporation for Biochemical Research), deoxyadenosine and p_-
chloromercuribenzoate (Sigma Chemical Co.), adenine and hypoxanthine (Francis
Earle Laboratories), deoxyuridine (Schwarz Laboratories), uric acid (Fisher
Scientific Co.), aqueous potassium penicillin G (Eli Lilly and Co.), and
vitamin B12 (Merck & Co., Inc.). Thymidylic acid was prepared from the cal
cium salt by passage through a Dowex-50 column (H+). 6-Azathymine and 6-
azathymidine were a gift of the Lederle Laboratories Division of the American
Cyanimid Co. Thymine-C1*1 was a gift of Dr. William Prusoff.
hMETHODS
Analytical Procedures
Protein was determined by the method of Lowry (8).
Enzyme Assay
Several methods of assay were attempted. MacNutt used the growth response
of T. acidophilus itself as an assay of trans-N-glycosidase activity following
separation of reaction products by paper chromotography (l). This method was
abandoned when it was found necessary to add very large amounts of thymidine
to the Hoff-J^rgensen basal medium (2) to obtain growth. Recent studies (9)
have demonstrated the inadequacy of this assay method and report a marked
growth response when using an improved medium containing either yeast extract
or uracil, pyridoxine, and a purified amino acid mixture.
Assays were then performed by utilization of the cysteine-sulfuric acid
colorimetric reaction for deoxyribosides (10). Enzyme was allowed to act on a
purine deoxyriboside and a pyrimidine. The reaction was stopped by heating
with acid to hydrolyze purine nucleoside selectively and then heating with al
kali to destroy the free deoxyribose thus formed. Five per cent cysteine and
70 per cent sulfuric acid were added to an aliquot of the resulting mixture
and read in a Klett-Summerson colorimeter using a #50 filter. Good recovery
of known amounts of deoxyadenosine and thymidine was obtained. However, the
method was quite cumbersome and slow and was abandoned in favor of the more ac
curate and rapid method described below.
For routine assay of enzymatic activity the exchange of deoxyribose be
tween thymidine and adenine was selected. The formation of thymine was followed
5with a Beckman Spectrophotometer, Model DU, by measuring the increase in ultra
violet absorption at 300 m/t at pH 13* After incubation of 2 ml of the reac
tion mixture for the desired time, 2 ml of a pH 13-buffer (0.5 M K2HPOii-0.5h M KOH)
were added. Under these conditions an optical density increase of O.38O repre
sented the formation of O.k /tmoles of thymine (0.1 jimole per ml). In a similar
manner, reactions between purines and other pyrimidine deoxyriboside s could be
followed, since the deoxyribosides absorb less ultraviolet light at 300 m/< in
alkali than do the free pyrimidines (11). These determinations were based on
the fact that at this wavelength and pH, the UV-absorption of adenine and de-
oxyadenosine are the same. It was assumed that there was no difference between
other purines and their deoxyribosides. The identity of the products of the
thymidine -adenine reaction was confirmed chromatographically in the Na2HP0j1-
isoamyl system (12) and the reliability of the assay confirmed by use of
thyraine-Clh in the reverse reaction between thymine and deoxyadenosine. The
specific activity of the thymidine formed, when the substance was separated
chromatographically and eluted, was in good agreement with the loss of thymine
determined spectrophotometrically. One unit of enzyme was defined as the
amount necessary to give an optical density change of O.38O at 300 nyx. at pH 13
under the following conditions: 2.0 /unoles of thymidine, O.U ^moles of adenine,
0.6 ml of citrate buffer (0.05 M; pH 5.0), 0.1 ml of enzyme and water to make
2.0 ml; incubation period: one hour at 37
* This assay method was suggested by Dr. William Prusoff.
6RESULTS
Purification of Enzyme
Since MacNutt had made no attempt to purify the enzyme except to dialyze
it, the methods chosen for purification, as for any enzyme preparation, were
empirical.
The organism was first grown for enzyme preparation on basal medium sup
plemented by thymidine, but enzyme activity was soon found to be quite satis
factory in those cells which were grown on the cheaper, more easily prepared
commercial broth.
Cell-free extracts were prepared by sonic disintegration, use of the
Hughes bacterial press (13), and disruption in the Nossal mechanical shaker (lU).
Each method gave good enzyme activity, but the relative resistance of lacto
bacilli to sonic disintegration, the presence of the Hughes press in another
department, and the speed, simplicity, and availability of the Nossal shaker
made the latter the procedure of choice.
Early studies showed some stability of the enzyme to heat up to 70, but
this was not reproducible and hence was not used in purification. Later stud
ies showed a protective effect of citrate buffer (0.05M, pH 50) on this heat
stability. Independent purification of this enzyme from Lactobacillus helveti-
cus (15)* published near the end of the present study, demonstrated heat sta
bility up to 50 with 68$ activity at 70 when heated for ten minutes.
The successful use of a diethylaminoethyl (DEAE) cellulose anion exchange
column to fractionate serum proteins (16) and purify other enzymes (17) led to
its use in this study on a trial basis. The first attempt, done at room
7temperature because of the heat stability referred to above, yielded no enzyme
in the eluate, due either to dilution or degradation on the column. A second
attempt at about 10 gave only about two-fold purification with 25$ enzyme re
covery. This method was accordingly abandoned also.
The method finally used for purification consisted of treatment of cell-
free extracts with MnCl2 to precipitate nucleic acids, precipitation with am
monium sulfate, treatment with ethanol and reprecipitation with ammonium sul
fate, with dialysis in between each step. It probably would not have been
necessary to dialyze in the intermediate stages if assays and protein deter
minations had not been carried out after each step. The detailed steps of the
purification procedure are outlined in the following paragraphs.
T. acidophilus (ATCC 11506) was maintained on Bacto-Micro Inoculum Broth
(Difco). Thirty liters of Micro Inoculum Broth were inoculated with 50 ml of
a 30-hour culture of the organism. After 33 hours of incubation at 37, the
cells were harvested in a Sharpies Super Centrifuge; the yield, per liter of
medium, was 1.5 gm (wet weight) of cell paste. Three-gm portions were washed
twice with 20 ml of water, centrifuged at 2,250 x g for 20 minutes at k , and
stored at -15. Aliquots of each subsequent purification step were retained.
Cell-free extracts were prepared by disruption in a Nossal mechanical
shaker (lU). One-gm batches of cell paste were mixed with 10 gm of fine glass
beads* and 9 ml of water and shaken in the cold for four periods of 20 seconds
each with intermittent cooling in ice. The supernatant material decanted from
the cylinders and two 2-ml washings of the beads were pooled and centrifuged
at 20,000 x g for 30 minutes at k The supernatant fraction was decanted
("crude extract") and the residue discarded.
The crude extract (255 ml) was treated with a solution of MnCl?
(l M; 0.05 volume) in the cold, stirred for 30 minutes, and centrifuged at
* Superbrite, Type 120. Minneapolis Mining and Manufacturing Co., St. Paul,
Minnesota.
820,000 x for 20 minutes at U. The supernatant fluid was repeatedly dial
yzed in the cold against 15 liters of distilled water (changed daily for five
days). The extensive dialysis was necessary to remove Mn++ which interfered
in the protein determination and produced a brown precipitate in the assay
procedure. The dialysate was centrifuged at 20,000 x for 20 minutes at U
and the precipitate discarded.
The supernatant fluid (260 ml) was treated in the cold with a saturated
solution of ammonium sulfate (508 ml) to give two-thirds saturation, and cen
trifuged at 20,000 x for 20 minutes at h- The supernatant material was dis
carded, and the precipitate (ammonium sulfate I) was dissolved in cold water
(50 ml) and dialyzed overnight in the cold in the rocking dialyzer. The di
alysate was centrifuged at 20,000 x for 20 minutes at k, and a small pre
cipitate was discarded.
The supernatant fluid (65 ml) was treated with citrate buffer
(0.05 M; pH 5.0; 56 ml) and water (U8 ml) in the cold; the final concentra
tion of protein was 2 mg/ml. Ethanol (169 ml) at -20 was added slowly with
stirring, the temperature not being allowed to rise above 0, and the mixture
was centrifuged at 20,000 x for 20 minutes at 1. The precipitate was dis
carded, and the supernatant fraction was divided into ten portions, each of
which was dialyzed in the cold against distilled water (6 liters changed every
hour for 5 hours, then against 15 liters in a rocking dialyzer overnight).
The dialysate was centrifuged at 20,000 x for 20 minutes at h and the pre
cipitate discarded.
The supernatant material (6U0 ml) was treated in the cold with solid am
monium sulfate, UOU gm, to give approximately 90$ saturation, stirred one
hour, and centrifuged at 20,000 x for 20 minutes at h . The precipitate was
collected, dissolved in water (18 ml), dialyzed against water (15 liters in
9the rocking dialyzer overnight at 5), and centrifuged at 20,000 x for 20
minutes at U. The precipitate was discarded, and the supernatant solution
(ammonium sulfate II) was stored as purified enzyme. A 52-fold purification
was achieved (Table I). The loss in activity observed after several months
of storage in the freezer was negligible, but repeated freezing and thawing
gradually diminished the activity of the enzyme.
Specificity of Enzyme
The purified enzyme, in contrast to the crude extract, was free of nucleo
side hydrolase, activity assayed by incubation with thymidine alone (Table II).
The enzyme is apparently specific for transfer of deoxyribose; thus, the sub
stitution of cytidine for deoxycytidine produced no change in optical density
(Table III). In addition to adenine, several other purines were found to ac
cept deoxyribose from thymidine, e.g., xanthine, guanine, and hypoxanthine;
uric acid and 2,6-diaminopurine were inactive (Table IV). These results cor
respond to the purine specificity found by MacNutt (1) with the enzyme from
L. helveticus. In addition, the antimetabolites 8-azaadenine and 6-mercapto-
purine were active as acceptors of deoxyribose ; 8-azaguanine reacted very
slowly, while 8-azaxanthine failed to serve as an acceptor (Table IV).
Formation of 6-Mercaptopurine Deoxyriboside and 8-Azaadenine Deoxyriboside
6-Mercaptopurine (6 ^oles in 1.2 ml), thymidine (6 /onoles in 0.6 ml),
citrate buffer (0.05 M; pH 5.0; 0.6 ml), and the enzyme solution (0.6 ml) were
incubated for 2U hours at 37- Of this reaction mixture, 0.25 ml was chromato-
graphed on each of three sheets of Whatman No. 1 paper in the butanol-water-
ammonia descending system (l) with appropriate controls for 30 hours (allowing
the solvent to run off the paper). Under these conditions the thymine and thy
midine were separated from the other components of the reaction mixture. One
chromatogram, treated with cysteine-^SO^ (18) and heated to 85 for several
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minutes, showed a pink spot indicative of deoxyribose at Rf 0.10 in addition to
that of thymidine at Rf 0.50; an R^ of 0.10 corresponds to 6-mercaptopurine in
this system. Separation of 6-mercaptopurine and the material containing deoxy
ribose was effected by chromatography in the ascending Na2HP0K-isoamyl alcohol
system (12). There was an area of yellow-green fluorescence under ultraviolet
light at an R~ of 0.61* ; on treatment with cysteine-^SOr, this area became pink.
6-Mercaptopurine, with its characteristic yellow-green fluorescence, had an R^
of 0.U6. The deoxyriboside exhibited an absorption peak at 322 mfi when eluted
with 0.1 N HC1 and read against a paper blank eluted in the same manner. When
the deoxyriboside was heated in 0.1 N HC1 for 5 minutes at 100 and rechromato-
graphed in the Na2HP0i -isoamyl system, two spots appeared on exposure to ultra
violet light; one of these corresponded to 6-mercaptopurine and the other to
hypoxanthine. However, 6-mercaptopurine eluted from paper and treated identic
ally also produced these two spots. It is concluded tentatively that 6-mercapto
purine deoxyriboside is formed in the reaction and that a second compound, prob
ably hypoxanthine, was produced as an artifact in the subsequent treatment
carried out to establish its identity.
8-Azaadenine deoxyriboside was in all likelihood formed in the reaction
between thymidine and 8-azaaderdne, but it was not rigidly characterized.
Thyttddylic Acid as a Substrate (Table V)
No change in optical density was observed when thymidylic acid was incu
bated alone or with adenine, using the purified enzyme with and without phos
phate and Mg++. However, on incubation of the crude extract with thymidylic
acid alone or with adenine, a small increase in optical density was noted, in
dicative of a probable breakdown to thymine; this was enhanced by Mg++ and
phosphate ions. Acetate buffer was intermediate between citrate and phosphate
in promoting the reaction.
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Effect of Metal Ions, Phosphate Buffer, Colchicine, p-Chloromercuribenzoate ,
Vitamin Bj^, and Penicillin
The rate of reaction between adenine and thymidine was not affected by
replacement of the citrate buffer with phosphate buffer (0.05 M; pH 5.0) or
by the addition of -chloromercuribenzoate (l0"-> to 10"3 y[)} magnesium chlo
ride (lO~k or 10~3 M), manganese chloride (10"^ or 10~3 M), zinc acetate
(10~3 m), (ethylenedinitrilo) tetraacetate (10~2 M), colchicine (5 x 10"^ or
5 x 10"^ M), or vitamin B^2 (O.ltf/ml). Penicillin in a concentration of
500 units/ml did not affect the reaction. Assay with larger amounts of peni
cillin was complicated by the fact that an increase in optical density oc
curred under the assay conditions by incubating penicillin in citrate buffer
alone, indicative of either hydrolysis or oxidation to various breakdown prod
ucts, such as penicilloic or penillic acid (19).
Relationship of Enzyme Activity to pH
Early work using crude extracts indicated a pH optimum of 5*0, and all
subsequent assays were performed at this pH. A repeat determination near the
conclusion of this work using purified enzyme indicated that maximum activity
was obtained at a pH of about 6.5 (Figure 1).
Search for Enzyme in Other Sources
Cell-free extracts of Lactobacillus casei, obtained from Dr. Charles
Carter, demonstrated no trans-N-glycosidase activity when assayed as described.
Also, a chicken kidney homogenate, obtained from Dr. Erwin Landon, and an
homogenate of regenerating rat liver, obtained from Dr. Roger Montsavinos,
were without activity.
Inhibition of Enzyme by Azathymidine
The effect of varying concentrations of thymidine, with and without aza
thymidine, on the rate of reaction with adenine was studied (Table VI). When
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the data are plotted according to the method of Lineweaver and Burk (20), it
is seen that azathymidine acts as a competitive inhibitor of thymidine (Fig
ure 2). Under these conditions the K for thymidine was computed to be
2.9 x 10~k M. Preincubation of the enzyme with azathymidine produced the same
degree of inhibition. Azathymidine had no effect on the rate of transfer of
deoxyribose from deoxyadenosine to thymine using similar substrate concentra
tions (Table VII). However, in this experiment the effect of varying deoxy
adenosine concentration on the rate of reaction was not observed. Incubation
of the enzyme with adenine (0.25/4moles/ml) and azathymidine (in concentrations
of 1, 2, and U/tmoles/ml) produced no change in optical density, showing that
no azathymine was formed by transfer of deoxyribose to adenine. Azathymidine
also inhibited the transfer of deoxyribose from deoxycytidine or deoxyuridine
to adenine (Table VIII).
Effect of Azathymine
Azathymine did not inhibit the transfer of deoxyribose between thymidine
and adenine at concentrations of two and three times that of thymidine (Ta
ble IX) and on the reverse reaction at concentrations two and four times that
of thymine (Table X). In fact, the data seem to indicate a slight enhancing
effect. However, these values are taken from the high range of the spectro
photometer because of the relatively high absorption of azathymine, and any
such enhancement must be viewed with suspicion.
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DISCUSSION
The enzyme trans-N-glycosidase is important in DNA synthesis in certain
organisms. MacNutt (l) demonstrated it in Thermobacter acidophilus (R26),
Lactobacillus helveticus, and Lactobacillus delbrueckii. Hoffman (21) demon
strated a similar enzyme in Escherichia coli, which was resolved on purifica
tion into two fnzymes, one able to transfer deoxyribose only between ^l^ines
and the other similar"! ;r specific for pyrimidines. Transferring activity is
probably present in Streptococcus faecalis, as indicated by the biosynthesis of
azathymidine from thymidine and azathymine (6). Roush and Betz (l5) failed to
find enzyme activity in ten yeasts, two molds, six bovine organs, rat liver, and
hepatopancreas of crayfish and even failed to confirm enzymatic activity in
L. delbrueckii. The present study failed to demonstrate it in regenerating rat
liver, chicken kidney, or Lactobacillus casei. Deoxyribose transfer in DNA
synthesis in higher organisms has thus not been demonstrated. Rabbit bone mar
row and Ehrlich ascites cells would be good subjects for investigation, since
the in vitro utilization of thymidine for DNA synthesis in both systems is in
hibited by azathymidine but not azathymine (22).
A similar enzyme involved in RNA metabolism was demonstrated in E. coli
by Ott and Werkman (23). Ribose is transferred via a ribose-1-phosphate inter
mediate, probably through coupled nucleoside phosphorylase activity, a mechanism
ruled out in the T. acidophilus enzyme, since phosphate buffer is not necessary
for the reaction.
The lack of nucleoside hydrolase in the purified enzyme from T_. acidophilus
makes it clear that hydrolase and transfer activity do not reside in the same
Lb
enzyme, in contrast to evidence from studies of the similar enzymes in L. hel-
veticus (15) and E. coli (21), which were not purified as highly. Nucleoside
hydrolase activity was detected in the crude cell-free extract.
Azathymidine competitively inhibits the transfer of deoxyribose from py-
rimidine deoxyribosides to adenine in vitro but does not inhibit the trans-
glycosidation from deoxyadenosine to thymine. This indicates that the site of
inhibition may be the pyrimidine deoxyriboside -enzyme complex, an hypothesis
consistent with the lack of effect of azathymine on either reaction. Azathy
midine itself is not a substrate. The superior inhibitory effect of azathy
midine as compared to azathymine in vitro correlates well with the in vivo
growth studies of Prusoff and Welch (7), which demonstrated competitive inhi
bition of thymidine utilization by azathymidine, while azathymine was 1,300
to 2,000 times less inhibitory in this organism. The in vivo experiments also
showed that the organism grown on thymidine is less sensitive to azathymidine
than when grown on deoxycytidine or deoxyuridine. This is in contrast to the
inhibition with respect to these substrates in vitro (Table VIII), but this
may be due to the difference in substrate concentrations, the effect of other
enzymes, or factors of cell permeability, such as, for example, greater inter
ference with the transport of azathymidine into cells by thymidine than by the
other deoxyribosides.
Azathymidine is more effective than azathymine as a growth inhibitor of
S. faecalis (6), an organism which also probably has a deoxyribose-transferring
enzyme. Although Prusoff (2U) found that azathymine is incorporated in the DNA
of this organism, he presented evidence to indicate that cellular death did
not necessarily depend on this incorporation.
The growth of Leuconostoc citrovorum (later identified as Pediococcus cere-
visiae), an organism in which MacNutt was unable to demonstrate trans-N-glycosidase
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activity (l), is not inhibited by azathymine or azathymidine (U). Lactobacillus
leichmanii, which is sensitive to the compounds (3)> has apparently not been
tested for the enzyme. However, in this study the enzyme was not detected in
L. casei, which is quite sensitive to both compounds (3, h) Accordingly, it
cannot be concluded that inhibition of this enzyme is the only mechanism in
volved in the inhibition of bacterial growth by azathymidine.
An interesting but unexplained action of azathymidine is its slight in
hibitory effect on Sarcoma 180 cells in tissue culture, an effect which is not
reversed by thymidine. This is in contradistinction to the inhibition by 6-
azauridine, which is reversed by its corresponding metabolite. Azathymine has
no effect on this system (25).
The mechanism of action of azathymidine at the enzyme level on rabbit bone
marrow and Ehrlich ascites cells (an inhibitory effect previously mentioned)
has not been elucidated.
Biochemical and pharmacological literature is filled with examples of en
zyme inhibition by pharmacologic agents. Inhibition of carbonic anhydrase by
acetazoleamide is a classic example. More analogous to the present study is
the inhibition of orotidylic acid decarboxylase of mouse lymphoma by 6-azauracil
nucleotide (26). 6-Uracil methyl sulfone apparently inhibits enzymes concerned
with RNA synthesis in Lactobacillus bulgaricus 09 at several stages, both com
petitively and non-competitively (27)- Rather than implicate any one enzyme
as universally inhibited by a drug, one must regard all enzymes acting on the
corresponding natural metabolite (or derivatives) of that drug as potentially
inhibited, at least until proved otherwise.
The purine and pyrimidine specificity of the enzyme established by MacNutt
was confirmed, and the investigation was extended to include some of the nucleic
acid analogues. The apparent transfer of deoxyribose to the purine analogues
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6-mercaptopurine, 8-azaadenine, and 8-azaguanine is of considerable interest
because of the widespread use of these compounds for inhibition of cell growth.
If by analogy with 6-azathymidine (7) and 6-azauridine (28), the nucleosides
of these compounds prove to be more effective than the parent bases as anti
metabolites, then the mechanisms of their synthesis become important. 6-Mercap
topurine deoxyriboside was first prepared by Friedkin (29) from dicyclohexyl-
ammonium deoxyribose -1-phosphate and 6-mercaptopurine, using horse liver nu
cleoside phosphorylase. The deoxyriboside of 8-azaguanine was tentatively
identified by Smith and Matthews (30) in hydrolysates of deoxyribonucleic acid
from Bacillus cereus grown on 8-azaguanine. The report of Roush and Betz (15)
concerning trans-N-glycosidase ("trans-N-deoxyribosylase") from L. helve ticus
purified 11-fold describes the probable formation of the deoxyribosides of
6-mercaptopurine and 8-azaguanine; however, 8-azaadenine was not tested, and,
apparently, its deoxyriboside has not yet been described. Its formation in
the present study was not definitively established, but the fact that the re
action proceeded as usual is good presumptive evidence.
Thymidylic acid is not capable of supplying deoxyribose to adenine in the
exchange reaction using purified enzyme. This compound can, however, satisfy
the deoxyriboside growth requirement of T. acidophilus , although its efficacy
in this regard is in dispute (31> 9). The organism is used to assay deoxy-
nucleotides as well as nucleosides. Di- and tri-nucleotides are poorly util
ized (31). This study indicates the presence of a mononucleotide phosphatase
and/or nucleoside phosphorylase, whose actions are enhanced by phosphate and
magnesium.
No co-factor3 have ever been demonstrated for trans-N-glycosidase in
this or other organisms. The common metal ions and a sulfhydryl group inhibi
tor did not affect the enzyme activity under the assay conditions. The effect
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of colchicine was also negligible but was tested because of a recent report
(32) announcing the inhibitory effect of colchicine on a human serum enzyme
which cleaves the glycosidic linkage of uric acid riboside, an effect which
may help to explain the dramatic therapeutic effect of the drug in acute gout.
Vitamin B-jp had no effect on the enzyme at a concentration of 0.1 T/ml.
Downing and Schweigert (33) presented evidence that the vitamin functions in
the synthesis of the deoxyribose moiety in L. leichmanii but is probably not
necessary in the formation of nucleosides. The need for exogenous deoxyribo
sides in T. acidophilus and the failure of B^ to replace this requirement
is further evidence of vitamin action at a pre -nucleoside level in DNA syn
thesis .
The effect of penicillin was tested because L. helve ticus, which also
contains trans-N-glycosidase, accumulates N-acetylaraino sugars linked to uri
dine nucleotides when growing cultures are treated with penicillin. The block
seems to be in the formation of nucleic acid from nucleotides, since penicillin
caused a decrease in incorporation of radioactive uracil into nucleic acid and
a corresponding increase in incorporation into the acid-soluble fraction (3U).
S. faecalis, which also probably has trans-N-glycosidase activity, did not show
this penicillin effect. The lack of effect of penicillin on trans-N-glycosidase
in this study is not too remarkable, even though L. acidophilus is among the
most sensitive oral lactobacilli to the in vitro growth inhibition of penicil
lin (35)* being sensitive to 0.2 units/ml. Unfortunately, the strain of L.
acidophilus was not identified in the study quoted, so that it cannot be equated
with T. acidophilus (R26).
The failure of the enzyme to transfer ribose is consistent with the fact
that DNA and RNA synthesis can proceed independently in this organism. In the
absence of a deoxynucleoside, DNA synthesis and cell division ston, but RNA and
18
protein synthesis continue (36, 37). This is accompanied by the appearance of
very long cells, containing numerous widely spaced nuclei, fewer than would be
expected for the corresponding cell mass in normal cells (38). When thymidine
is added, DNA synthesis begins immediately and proceeds stepwise for a certain
period of time, then stops; cell division then begins, with the subsequent ap
pearance of normal cells. At the time of the plateau of DNA synthesis before
cell division, the rate of cell mass (RNA and protein) synthesis abruptly in
creases (37). When the medium is deficient in uracil or certain amino acids,
DNA synthesis is stimulated, but RNA synthesis and protein synthesis decrease
(36). The cells are morphologically similar to normal cells (38). This too
is a reversible situation. Thus there seems to be a dichotomy in the mechanism
of nucleic acid formation, but that a complex interrelationship exists between
the two parts cannot be denied. "It is tempting to assume that simultaneous
cessation of DNA synthesis and increase in the rate of protein synthesis are
coordinated and decisive events in the sequence leading to cell division (37)."
There is probably well-regulated competition between the two systems for essen
tial materials, the equilibrium between them being upset when a constituent
peculiar to one system, e.g., thymidine or uracil, is lacking.
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SUMMARY
1. TYans-N-glycosidase from T. acidophilus was purified 52-fold.
2. The enzyme catalyzes the transfer of deoxyribose from thymidine to ade
nine, guanine, hypoxanthine, xanthine, 6-mercaptopurine, 8-azaadenine, and
8-azaguanine. Uric acid, 2,6-diaminopurine, and 8-azaxanthine were in
active as acceptors of deoxyribose.
3. Transfer of ribose from cytidine to adenine could not be demonstrated.
U. Thymidylic acid did not serve as a deoxyribose donor in the exchange re
action with adenine.
5. Mg++, Mn++, Zn++, phosphate, acetate, -chloromercuribenzoate, colchicine,
vitamin B-jo, arid penicillin had no demonstrable effect on enzyme activity.
6. The pH of maximum enzyme activity was 6.5.
7- The enzyme could not be demonstrated in L. casei, regenerating rat liver,
or chicken kidney.
8. 6-Azathymidine competitively inhibited the transfer of deoxyribose from
thymidine to adenine but had no effect on the reverse reaction and did not
itself function as a donor of deoxyribose. Inhibition of deoxyribose trans
fer from deoxyuridine and deoxycytidine to adenine was also shown.
9. 6-Azathymine had no effect on either reaction.
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TABLE I
PURIFICATION OF TRANS-N-GLYCOSIDASE
Step Total Units*
Specific Activity
(Units per mg. protein)
Crude extract 835 0.606
Mn++ fraction 7U9 1.29
Ammonium sulfate I 736 2.53
Ethanol fraction 303 18.1
Ammonium sulfate II 163 32.0
* Under the standard assay conditions. Computed exclusive of ali-
quots retained from each step.
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TABLE II
NUCLEOSIDE HYDROLASE ACTIVITY OF
CRUDE EXTRACT AND PURIFIED ENZYME
Conditions
Time of Incubation
(Minutes) *E300
Cell-free extract
With adenine 120 0.198
Without adenine 120 0.052
Purified enzyme
(Ammonium sulfate II)
With adenine 60 0.188
Without adenine 60 0.000
The reaction mixture contained O.U /umoles of adenine (when used), 2.0/<moles
of thymidine, 0.6 ml of citrate buffer (0.05 M; pH 5.0), 0.1 ml of enzyme,
and water to make 2.0 ml, incubated 1 hour at 37
2h
TABLE III
INABILITY OF ENZYME TO TRANSFER PENTOSE
FROM CYTIDINE (CYTOSINE RIBOSIDE) TO ADENINE
Substrates AE300
Deoxycytidine and adenine 0.081
Cytidine and adenine 0.002
Cytidine alone 0.003
The reaction mixture contained O.U jimoles of adenine,
2.0/<moles of desoxycytidine or cytidine, 0.6 ml of
0.05 M citrate buffer, pH 5.0, 0.1 ml of enzyme, and
water to make 2.0 ml, incubated 2 hours at 37.
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TABLE IV
ABILITY OF DIFFERENT PURINES
TO ACCEPT DEOXYRIBOSE FROM THYMIDINE
Purine
Relative Activity
Compared with Adenine
Time of Incubation
(Minutes)
Adenine 1.00 60
Xanthine 1.U8 60
Hypoxanthine 0.78 60
Guanine 0.56 30
Uric acid 0.05 30
2 , 6-Diaminopurine 0.00 30
6-Mercaptopurine 0.56 60
8-Azaguanine 0.09 60
11 0.11 120
n 0.12 180
8-Azaxanthine 0.08 60
it 0.00 120
n 0.00 180
8-Azaadenine 1.06 60
The reaction mixture contained O.U /Kmoles of purine base (except uric
acid, of which 0.2/<moles was used), 2 /<moles of thymidine, 0.6 ml of
citrate buffer (0.05 M; pH 5), 0.1 ml of enzyme, and water to make 2 ml.
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TABLE V
THYMIDYLIC ACID AS A SUBSTRATE
The effect of various buffers (citrate, phosphate, acetate),
and Mg , with and without adenine,
using purified and crude enzyme.
Cell-free extract, ml - - 0.1 0.1 0.1 0.1 0.1 _ 0.1 0.1
Purified enzyme (Ammonium
Sulfate II), ml 0.1 0.1 - - . _ _ 0.1 _ _
Citrate buffer (0.05 Mj
pH 5.0), ml 0.6 0.6 0.6 - - _ - _ _ -
Phosphate buffer (0.05 M;
pH 5.0), ml - - - 0.6 0.6 0.6 0.6 0.6 - _
Acetate buffer (0.05 M;
pH 5.0), ml - - - - - - - _ 0.6 0.6
Adenine (l ^mole/ml), ml o.U - o.U o.U o.U o.U - o.U o.U o.U
Thymidylic acid
(10 ^moles/ml), ml 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1
Mg++ (10-2 M), ml - - - - 0.2 0.2 0.2 0.2 - 0.2
H20, ml 0.7 1.1 0.8 0.8 0.6 0.5 0.9 0.6 0.6 0.8
Incubation time, minutes 60 60 120 120 120 120 120 120 120 120
AE300 0.002 0.002 o.oiU 0.030 0.057 0.0U2 0.051 0.007 0.021 0.0UU
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TABLE VI
EFFECT OF THYMIDINE CONCENTRATION ON ENZYME RATE
AND INHIBITION BY AZATHYMIDINE
Concentration of
Thymidine (^tmoles/ml)
1
No Azathymidine
0.5 /<moles/ml
Azathymidine
*E300 AE300
0.25 0.0U5 0.027
0.50 0.062 0.0U1
0.75 0.071 0.052
1.0 0.075 0.060
The reaction mixture contained 0.5/umoles of adenine, varying
amounts of thymidine, 0.6 ml of citrate buffer (0.05 M; pH 5.0),
0.1 ml of enzyme and water to make 2.0 ml, incubated 1 hour at
37- The experiment was repeated with l.Oyumole of azathymi
dine added.
28
TABLE VII
EFFECT OF AZATHYMIDINE ON REACTION
BETWEEN DEOXYADENOSINE AND THYMINE
Concentration of
Deoxyadenosine ( ^moles/ml) No Azathymidine
0.05 /^mole/ml
Azathymidine
0.25
-AE300
0.0U8
-*E300
0.0U5
0.50 0.0U1 0.070
0.75 0.052 0.050
1.0 0.050 0.052
Mean 0.051 Mean 0.05U
The reaction mixture contained 0.5/<moles of thymine, varying
amounts of deoxyadenosine, 0.6 ml of citrate buffer (0.05 M;
pH 5*0), 0.1 ml of enzyme, and water to make 2.0 ml, incubated
1 hour at 37- The experiment was repeated with l.O^mole of
azathymidine added.
TABLE VIII
EFFECT OF VARYING CONCENTRATIONS OF AZATHYMIDINE
ON TRANSFER OF DEOXYRIBOSE TO ADENINE
FROM THYMIDINE, DEOXYCYTIDINE, AND DEOXYURIDINE
Ratio % Inhibition
Azathymidine :thymidine
1:2 20
1:1 2U
2:1 U3.5
3:1 U7
Azathymidine :deoxycytidine
1:1 10
2:1 15
Azathymidine :deoxyuridine
1:1 20
2:1 31.3
The reaction mixture contained O.U/Craoles of adenine,
2.0/ttnoles of pyrimidine deoxyriboside, 0.6 ml of ci
trate buffer (0.05 M; pH 50), 0.1 ml of enzyme, vary
ing amounts of azathymidine, and water to make 2.0 ml.
The tubes containing thymidine were incubated for 1
hour; those containing deoxycytidine and deoxyuridine
for 2 hours at 37.
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TABLE IX
EFFECT OF AZATHYMINE ON DEOXYRIBOSE TRANSFER
BETWEEN THYMIDINE AND ADENINE
Ratio AE300
Azathymine : thymidine
0 0.082
2:1 0.123
3:1 0.095
The reaction mixture contained 0.5/<moles of adenine,
2.0/<moles of thymidine, 0.6 ml of citrate buffer
(0.05 M; pH 5.0), 0.1 ml of enzyme, varying amounts
of azathymine, and water to make 2.0 ml, incubated
1 hour at 37-
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TABLE X
EFFECT OF AZATHYMINE ON DEOXYRIBOSE TRANSFER
BETWEEN DEOXYADENOSINE AND THYMINE
Ratio ' ^300
Azathymine : thymine
0 .035
2:1 .0U3
U:l 0U5
The reaction mixture contained 0.5/<moles of thymine,
2.5 /(moles of deoxyadenosine, 0.6 ml of citrate buf
fer (0.05 M; pH 5.0), 0.1 ml of enzyme, varying amounts
of azathymine, and water to make 2.0 ml, incubated 1
hour at 37-
FIGURE I
EFFECT OF pH ON ENZYME RATE
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FIGURE 2 EFFECT OF SUBSTRATE
CONCENTRATION ON ENZYME RATE
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